Solid Oxide Fuel Cell/Gas
il T Urbine Cycles for Robust

TN and Efficient Co gene ration
Comas Haynes

Georgla & Research

Tech




US Department of Energy EERE/AMO (CHP)

CyCIe -1 Therm al LOad Award Num ber: DE-EE0009137

Thermal Load Cold-
Side Intake

Bleed Air Thermal Load
Valve Heat Exchanger
Exhaust

Recuperator Post-

Combustor

Solid Oxide Fuel

Cell Stack
T

Combustor

Power Output

Manifold
Heat
Exchanger

Fuel Hea
Input

Compressor
P Fuel

AC Heat
Input

» Cycle Limits: Perform steady state experiments to
determinethe range of heat outputs that are possible
under variousconditions.

» Robustness: Perform transient experiments to
determine dynamic power and heat outputs that can
be supplied.

» Efficiency: Determinethe electrical and cogeneration
efficiencies for all experiments.
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Develop a Hot-Side Recuperator Bypass Valve
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1. Developahigh-temperature
valveto bypassthe hot-side of
the recuperator.

2. Developamodelforthe valve
that maps its “percent open” to
the mass flow rate that it allows
to bypass the recuperator
under therangesofoperating
conditions it can experiencein
the cycle.

3. Insertthe bypassvalveinto
the cycle.
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Cycle + Thermal Load + Recuperator Bypass Valve
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Now, inclusive of the recupertor bypass valve, reassess:
» Cycle Limits: Perform steady state experiments to

determine the range of heat outputs that are possible
under various conditions.

- » Robustness: Perform transient experiments to
Hot Air , .
BYDAsS determine dynamic power and heat outputs that can be
yP supplied.
Valve -

» Efficiency: Determine the electrical and cogeneration

Alr efficiencies for all experiments.
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Concept Plots of Potential Final Results

——Power Output

—Natural Heat Output without Recuperator Bypass Valve
— - = =Heat Output in Phase with Power Output from Recuperator Bypass Valve Operation
§ ——Heat Output out of Phase with Power Output from Recuperator Bypass Valve Operation
= 1r
[
IS .. .
Sos Cycle Efficiencies
2 6l under Various
L_L . T
> Conditions
5
C
L

0 20 40 60 80 100 120 140 160 180
Time [min]

Steady State Cogeneration Efficiency [%]
T T

66 T

[e2]
(92
o

D
o
(=)

9,1
a
o

Dynamic Power and
Heat Outputsthatthe
Cycle can Supply

B »H )]
o )] o
(=) o o

Cold-Side Air Mass Flow Inlet Temperature [K]
w
[$)]
o

w
o
o

S

0.5 1 1.5 2 2.5 3 3:5
Cold-Side Air Mass Flow Rate [kg/s]



